PUBLIC HEALTH MONOGﬁAPHS
edited and issued by Public Health Reports

E
¢ H Al"’

<

°,.A ’ll.
'-"14.:‘

1'7,'4

G. St.]. PERROTT
Chief, Division of Public Health Methods
Managing Director

ArTHUR P. MILLER Tart S. FEIMAN JANET V. EAsDALE
Acting Executive Editor Managing Editor Monograph Editor

Gayrorp W. AnNp D:;-Dr.P.H.
Denver
usTIN M. ANDRE .N.,Ep.D.
J
Baltimore
H. TreNDLEY DE A.D.
tesda

CDC|

N, M.D., M.P.H.
New York City

i

Harorp M. Eric
3100000097137 hington

HaviserT L. Dun

U. S. DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE

Overa Cure Hossy, Secretary

PUBLIC HEALTH SERVICE

LeoNarp A. ScHEELE, Surgeon General



Biological Factors
In the Transmission
Of American
Arthropod-Borne
Virus Encephalitides

A Summary

Frederick F. Ferguson, M.S. Ph.D

Pusric HEarTa MoNoGgrarH No. 23

CDC

OR DISEASE CONTROL

INFORMATION CENTER

SERVICy
W s. o
1,

C

HEAL
« O r"a,’

&

l""'dm

DEPARTMENT OF HEALTH AND HUMAN SERVICES
Public Health Service
Centers for Disease Control
Atlanta, Georgia 30333

¢010336




WHIDLBITS
U5 8pp
)95 4
2 nNo 37»2

The Author

Dr. Ferguson, a public health parasitologist at the Public Health
Service’s Communicable Disease Center, Atlanta, Ga., has been chair-
man of the Mosquito Control and Allied Problems Work Group of the
Arkansas-White-Red River Basins Inter-Agency Committee. He has
done research in mosquito insecticides, in the toxicology of insecti-
cides, and in the morphology of platyhelminths. He has been
professor of biology and parasitology at the College of William and
Mary (Norfoll: Division) and at the University of Washington. In
1951, he served as secretary-treasurer of the American Association of
Professional Biologists and is presently engaged in schistosomiasis
research at the Puerto Rico Field Station.

Public Health Service Publication No. 372

(Issued concurrently with the November 1954 issue of Public Health Reports, Vol. 69, No. 11}
(Received for publication March 1954)

Library of Congress Catalog Card No. 54-60655

seWiag,

o Dy.‘

o, @
raur®

RIS

UﬁITED STATES GOVERNMENT PRINTING OFFICE, WASHINGTON : 1954

For sale by the Superintendent of Documents, U. S. Government Printing Office
Washington 25, D. C. — Price 30 cents



Contents

Page

Tntroduction. So vl St o0 ST AT s s S TRl S e e 1
Historiealzmotations: Th ie S miie o g v Sim e ne S 2T Bt wadTn 3
neephalitist.letharetea < St on oo S0 b dor s B L AN S0 2 ¢
St, Liouis:enceplialitis L __oef ool fo L o il Loias oo 3
Western equine encephalomyelitis___________-___________________ +
Eastern equine encephalomyelitis________________________________ 4
Laboratory and field techniques and results_________________________ 5
Tsolationofvirus: e ot 0l LT TSt S e e s S s S 5
Eaboyatory infections: —aorredos Lo ml Dbl D deli o WV TE o Loy 6
BEpidemiology i mi T il o et (ST T ] 6
Equine encephalomyelitis_______________________________ o . ___ 7
Geographic distribution________________________________________ 7
Climate and seasonal appearance________________________________ 8
Hhimgn-encephalitis oo oo e Lol o o 9
Transmission of virus_________________________________________ 9
Immunity and prevention—_____________________________________ 20
Related diseases ..o oo oo on o Facalt o Sloozilll 21
SUMIMALY s sma oI L e sl el d o llZUnl s R I 22
BibHographyst ot cose s con oty gl S IS STt ot SR 23



Acknowledgments

Appreciation is extended to L. D. Beadle for many helpful sug-
gestions as to sources of data. Numerous interlibrary loans were
made available through the work of Effie B. Lunsford, Communicable
Disease Center Library, Atlanta, Ga. Sincere gratitude 1s expressed
to the following persons who offered constructive criticism in the
development of this summary: E. H. Arnold, Bernard Brookman,
A. L. Burroughs, W. J. Clark, R. W. Chamberlain, D. E. Eyles,
S. Gladness, W. McD. Hammon, A. D. Hess, D. W. Jenkins,
M. A. Manzelli, W. J. Hayes, Jr., G. F. Mathews, W. C. Reeves,
and G. H. Bradley.



Introduction

The aim of this paper is to present a selected
bibliography with annotations, for the use and
information of investigators and to furnish per-
tinent tabular summaries for those who are
actively engaged in studies on the epidemic en-
cephalitides in the Americas. The general goal
of the workers in this field has been clarification
of the problem of how the etiological agents are
maintained and transmitted in nature, with the
hope that practical means of dealing with these
diseases may be found. This review stresses the
entomological phases of encephalitis transmis-
sion.

The text of the review reflects principally
the winnowing of data for inclusion in a tabular
summary. Subject literature has been covered
through April 1952. Some indication of the
content of each bibliographic item (but not
relative values) has been given. However, in a
work of this magnitude, there will remain errors
involving judgment, interpretation, and other
variables, as well as transeription difficulties.
Change of concepts in this rapidly developing
field must be considered, for in many cases the
ideas expressed in early works are no longer
tenable and, in some instances, unpublished

data may change the emphasis on, or even re- -

fute, a concept previously delineated. In this
regard, the author has adhered to published ma-
terials, with but little exception.

“The published data on arthropod-borne neuro-
tropic viruses of Central and South America
are limited and are briefly summarized for com-
parative purposes. The following types of en-
cephalitis or encephalitis-producing viruses
occur there: Argentine equine encephalomyeli-
tis (176, 253) in which the virus is identical
(329) to that of western equine encephalomyeli-
tis (WEE ) ; eastern equine encephalomyelitis

! Symbols used in the literature: WEE (western
equine encephalomyelitis) ; EEE (eastern equine en-
‘cephalomyelitis) ; SLE (St. Louis encephalitis) ; VEE
(Venezuelan equine encephalomyelitis) ; type A (von
Economo’s disease or lethargic encephalitis) ; type B
(Japanese encephalitis) ; type C (St. Louis en-
cephalitis).
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(EEE), now distributed in Panama, Brazil,
Mexico, Cuba, and the Dominican Republic;

" Ilheus encephalitis (278) from Brazil, a mos-

quito-borne human infection; Amnopheles A,
Anopheles B, and Wyeomyia encephalitis (328)
from Colombia, known as mosquito-borne vi-
ruses capable of producing these diseases in lab-
oratory animals; Anopheles I, Sabenthine I,
and an unnamed virus from Psorophora ferox
infective for laboratory animals, also from
Colombian wilds (64) ; and Venezuelan equine
encephalomyelitis (VEE) (21, /2, 116,215, 216,
308), a disease of man and equines, now estab-
lished in Trinidad, Venezuela, Colombia, and
Ecuador. VEE is marked by explosive out-
breaks among equines and appears to be trans-
mitted by mosquitoes in nature and possibly by
dust under laboratory conditions. For pub-
lished details on VEE, refer to the bibliography
maintained at the Camp Detrick Technical Li-
brary, Frederick, Md. (2). There is a paucity
of data on the vector problem related to these
Central and South American virus diseases
(308). The arthropod-carried viruses reported
as being capable of causing encephalitis found
in the Western Hemisphere are these: EEE,
WEE, SLE, Hammon-Reeves or California,?
Ilheus, Anopheles A, Anopheles B, Wyeomyia,
Anopheles 1, Sabenthine I, the unnamed virus
from P. feroz, and VEE.?

There have been but few attempts to classify
the confusing series of diseases manifested as
encephalitis (28, 32, 34, 101, 131, 412). Ayres
and Feemster (32) in 1949 divided these diseases

2mhe California virus strain (BFS-91) was isolated
from Aedes dorsalis from Kern County, 1943 (147).

3 References on certain foreign neurotropic viruses
are presented for comparative purposes: VEE (21,
42, 116, 215, 216, 308) ; Japanese B encephalitis (65,
192, 307); Russian tick-borne encephalitis (75);
Australian X disease (76); Australian encephalitis
(16) ; Ilheus virus (218) ; West Nile virus (292, 375) ;
Anopheles A and B, and Wyeomyia viruses (328), Ar-
gentine equine encephalomyelitis (253); and louping
ill (412).



into three groups: “Virus encephalitides caused
by familiar viruses not ordinarily encephalito-
genic; suspected, primary virus infections; and
primary virus infections.”

In the first group, the following are usually
listed : herpes simplex, measles, lymphogranu-
loma venereum, mumps, and infectious mono-
nucleosis. Postinfective encephalitis as an
aftermath of infectious hepatitis, smallpox, vac-
cinia, chickenpox, influenza, mumps, and mea-
sles also belong to this group, along with post-
vaccinal encephalitis due to vaccination against
rabies and smallpox.

In the second group—suspected primary
virus infections—belong types in which anti-
bodies have been found in the blood of man and
the viruses are shown to be neurotropic in lab-
oratory induced disease. In this category are
the following virus diseases: West Nile (375),
Bwamba fever (376), Semliki Forest (373),
Bunyamwera (377), Ilheus (218) and Califor-
nia (747, 149) in which the syndrome in man
has not been adequately described. Von Econo-
mo’s disease (encephalitis lethargica) and acute
disseminated encephalomyelitis also are sus-
pected of being caused by primary neurotropic
viruses. Due to the gradual disappearance of
von Economo’s disease in the United States be-
tween 1920 and 1930, it is not at present con-
sidered important epidemiologically.

In the third group belong the primary virus
encephalitides, which may be divided into the
summer, or epidemic, forms: St. Louis encepha-
litis; eastern, western, and Venezuelan equine
encephalomyelitis (276) ; Japanese B encepha-
litis (472); Russian Far Kast (tick-borne, or
spring-summer) encephalitis (75) ; Australian
X disease (76, 287); and into the endemic
viruses: acute hemorrhagic meningoencepha-
lomyelitis, or leukoencephalitis; lymphocytic
choriomeningitis; pseudolymphocytic chorio-
meningitis; swineherd’s disease (97) ; louping
i1l (412) ; acute encephalitis due to rabies; and
Sabin B virus. The chief medical problem in
North America appears to lie with the epidemic
encephalitides (EEE, WEE, and SLE), in
which the mortality ranges from 5 to 60 percent.

The references listed constitute a bibliogra-
phy in the sense that, in the author’s opinion, all
important papers relating entomology to en-
cephalitis published prior to 1952 have been
included. The literature is vast and widely

scattered in many fields of science. The
Quarterly Cumulative Index Medicus (Ameri-
can Medical Association) lists thousands of ref-
erences, garnered from international sources
before 1930, which pertain to the purely human
clinical manifestations of alleged encephalitis.
Since 1930, references to the particular diseases
WEE, EEE, and SLE may be found generally
concentrated in the sources discussed.

Information is scattered throughout the
standard abstracting journals and reference in-
dexes (Biological Abstracts, Review of Applied
Entomology—~Series B, and Bibliography of
Agriculture, Quarterly Cumulative Index Med-
icus, and Index of American Economic Ento-
mology by Banks, Colcord, and Hawes). The
standard texts and reference books, such as those
of Rivers (327), Van Rooyen and Rhodes (412),
Bates (36), Smith (363), and Neal (280), are
cited.

The various State agricultural bulletins con-
tain data generally designated for lay consump-
tion and pertain mostly to the care of horses
suffering with these diseases. The annual re-
ports of the U. S. Bureau of Animal Industry
constitute a source from which data on the
prevalence of WEE and EEE in the United
States may be obtained. Veterinary journals
(American Jowrnal of Veterinary Research,
North American Veterinarian, and Journal of
American Veterinary Medical Association)
inform the veterinary profession of new de-
velopments in the field and contain many
important reviews. : ”

With respect to encephalitis in man, some re-
views are to be found in the New England J our-
nal of Medicine. Technical studies on clinical
cases, epidemiological summaries, and editorials
designed to clarify a confused picture of dis-
ease for the practicing physician are to be found
in the Journal of the American Medical Asso-
ciation. Various State medical journals con-
tain clinical case reports and invitation-type
papers which are written for uninformed prac-
ticing members of the profession. Technical
studies on the viruses are to be found in the
Journal of Immunology, Archives of Pathol-
0gy, and similar publications. Experiments in-
volving laboratory transmission of these
diseases have been described most often in the
Jowrnal of Experimental Medicine, Proceedings
of the Society of Experimental Biology and

2 Biological Factors in the Transmission of Arthropod-Borne Virus Encephalitides



Medicine, Journal of Infectious Diseases, and
American Journal of Tropical Medicine. In
general, epidemiological studies have been pub-
lished in the Canadian Jowrnal of Comparative
Medicine, Canadian J ournal of Public Health,
Public Health Reports, Public Health Service
Bulletins, American Journal of Hygiene,
American Journal of Public Health, and Pro-
ceedings of the California Mosquito Control
Association. Numerous preliminary reports
are to be found in Science. The Matheson
Commission of New York has accumulated and
distributed data on the epidemiology of human
encephalitis, and the Hooper Foundation of
California has made extensive contributions in
the general field of epidemiology of the diseases
(principally WEE and SLE) in the United
States.

Useful general reviews are the following:
Ayres and Feemster, 1949 (32); Casey, 1942
(69) ; Cockburn et al., 1951 (79) ; Davis, 1940
(87) ; Dingle, 1941 (89); Feemster and Get-
ting, 1941 (99) ; Fothergill, 1940 (101) ; Geiger
et al., 1922 (108); Giltner and Shahan, 1942

and 1936 (115, 11}); Hammon et al., 1948,
1948, 1945, 1945, 1945, 1942 (141, 142, 160, 138,
147, 152, respectively) ; Manzelli, 1948 (235) ;
Matheson Commission, 1939 .(426); Meyer,
1933 and 1933 (249, 250) ; Milzer, 1950 (259) ;
Neal, 1942, 1934, 1928 (280, 279, 277, respec-
tively) ; Price, 1950 (296) ; Reeves, 1941 (305) ;
Schoening, 1940 (337); Shahan and Giltner,
1945 (348); Sulkin, 1949 (382); Udall, 1913
(409) ; Webster, 1941 (417); Wright, 1927
(429), and Zinsser, 1928 (4}32). Certain pa-
pers are given minor consideration in this re-
view because either they do not contain results
of original tests or the information is of a gen-
eralized nature (7, 10,14,17,19,43-45,54,565, 60,
63, 67, 96, 130, 134, 140, 143, 201, 230, 237, 244,
274, 295-297, 303, 306, 309, 325, 326, 334, 339, 347,
378, 387, 400, 40}, 427). In the literature,
the term ‘“‘encephalitis” is used somewhat loosely
to cover both encephalitis involving virus in-
fection in the brain proper and encephalomye-
litis which is centered in the brain and spinal
cord. Encephalitis is. popularly known as
sleeping sickness or brain fever.

Historical Notations

Four types of encephalitis (literally, brain
inflammation) have appeared in epidemic form
in the United States within the last 35 years:*
von Economo’s disease (encephalitis lethargica
or Japanese A encephalitis), eastern and west-
ern equine encephalomyelitis, and St. Louis
encephalitis.” All of these forms affect the
central nervous system.

Encephalitis Lethargica

Although von Economo’s encephalitis is an
ancient disease (232, 362, 414),1in modern times
it has been best known from about 1915, when it
was studied in France by Cruchet et al. (85). It

.

* See table 7, p. 17.

°®In addition to SLE, WEE, and EEE viruses, there
is the California virus named by Hammon and
Reeves which has not been studied in man (147, 149).
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is clinically manifested by somnolence, occulo-
motor palsy, pyrexia, and signs of cerebro-
meningeal disturbance. This disease of un-
known etiology was established in epidemic
form in New York, N. Y., and in Winnipeg,
Canada, in 1919-20, but by 1926 it had begun
to subside in North America and the world over.
Since then, the disease has become relatively
rare (173, 276-280), and possibly the cases seen
now are of different etiology. Arthropods
have not been suspected of transmitting this
essentially winter-season disease.

St. Louis Encephalitis

Briefly, the history of SLE is as follows:
The first cases of the disease to become known
as St. Louis encephalitis occurred in Paris, Ill.,
in 1932, although there is evidence that it has
long been endemic in the area (79). Cases
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occurred in St. Louis County, Mo., and in
surrounding areas in a wide radius during the
summer and fall of 1933 in epidemic fashion
(79, 171, 294). A minor outbreak occurred in
Toledo, Ohio, in 1934, and neutralizing anti-
bodies were later recorded for the residents of
New York and Pennsylvania. The disease
subsided with no true cases being reported for
1935-36. However, it reappeared in epidemic
form in the summer of 1937 in St. Louis County,
Mo. (61, 69-70, 121). Several hundred cases
developed, and the disease has since become
established endemically in the United States,
having occurred notably in California and
Washington. Ten cases in 1938 failed to show
SLE antibodies (366), but about one-third of
66 cases during 1939-44 gave serologic evidence
of SLE antibodies (50). Results from a serum
survey in 1943-44 (371) indicate that there
were fewer persons with SLE antibodies who
came to California and Washington after 1937
as compared with persons with SLE antibodies
resident there during 1933-37. Some of the de-
tails of the continental distribution of SLE in
man may be found in the following papers:
Arizona, (238); California (159, 179, 18});
Colorado (22, 293); Minnesota, 1941 (92);
Missouri, 1933 (272) ; Nebraska, 1941 (4}31);
New York (57, 419) ; North Dakota (56) ; Okla-
homa (315); Utah (26); and Washington
(129, 144). There is evidence that SLE occurs
as a human disease in Africa (372, 374, 375).
Some of the reports of virus isolations from
man are cited (51, 61, 225, 238, 273).

St. Louis encephalitis is not generally thought
of as being “equine” in nature, although it does
oceur in horses (1, 11, 84, 14, 153, 293) as a
subclinical infection, and under laboratory con-
ditions it may induce equine deaths (357). The
susceptibility of mules to SLE virus infection
also has been confirmed (18, 84).

Western Equine Encephalomyelitis

Zwick and Seifried (433), working on Kuro-
pean equine encephalomyelitis in 1924, deter-
mined that the etiological agent of that disease

was a filtrable virus. In 1932, Meyer (248) re-
corded the possibility of human infection fol-
lowing infection of horses with WEE virus and
subsequently described the first cases in man.
Howitt (178) isolated WEE virus from tho
brain of man in 1938 and from human serum in
1939 (780). Numerous human cases have been
reported from California. The disease has been
found in Minnesota, 1938 ; Arizona, 1941 ; North
Dakota, 1938 and 1941; South Dakota, 1941;
Nebraska, 1941; Montana, 1947; Texas, 1944;
Manitoba, Alberta, and Saskatchewan, Canada,
1941; and Manitoba, Canada, 1947. The virus
of Argentine equine encephalomyelitis appears
to be identical with that of WEE (275, 353).
A few isolations of WEE virus have been made
from human materials (67, 82, 128, 178, 223,
239).

Eastern Equine Encephalomyelitis

Human infection with EEE virus first was
recognized as a nosologic entity with the isola-
tion of the agent by Fothergill et al. (703) and
Webster and Wright (422) in Massachusetts in
1938. This development followed the original
isolation of EEE virus from infected horses by
Giltner and Shahan in 1933 (772). In man
the disease followed a fulminating course re-
sulting in fatality of 74 percent of the 34 per-
sons affected in the first outbreak (33, 425) and
produced somewhat similar results in a later
Louisiana outbreak (257,282). There has been
only scattered evidence of human infection since
1938 : Indiana, 1939 ; Louisiana, 1947 (169,257) 3
Tennessee, 1947; and Texas, 194142 (52, 117,
136). A few virus isolations from man have
been reported (103, 257, 282, 338). The history
and present public health significance of EEE
has been summarized recently by Beadle ¢ who
noted that EEE virus had been demonstrated in
warm-blooded forms (man, horses, and birds)
in all of the States bordering the Atlantic
Ocean and the Gulf of Mexico plus Michigan,
Missouri, Arkansas, and Tennessee.

®Beadle, L. D.: Eastern equine encephalitis in the
United States. Mosq. News 12 (2) : 102-107 (1952).

4 . Biological Factors in the Transmission of Arthropod-Borne Virus Encephalitides



Laboratory and Field Techniques and Results

The difficulties encountered in inducing virus
infection in warm-blooded animals or in trans-
mitting these viruses by means of arthropod
vectors oftentimes have been overcome through
sheer ingenuity. Of special interest are the
arthropod-vector techniques employed by early
experimenters such as Meyer et al. (252), Sim-
mons et al. (355), Knowlton and Rowe (213),
and Kelser (202)." Many descriptions of the
presently used methods are available (6, 71, 72,
155,157, 341, 421).

Arthropods of many species have been ground
up and injected into laboratory animals in an
effort to isolate the viruses WEE, EEE, and
SLE from nature (I8, 105, 11}, 124, 212, 316,
368). The feces of mice (24) and assassin bugs
(724) have likewise been used. Mitamura et
al. (260) used groundup mosquito eggs in an
effort to show transovarial passage of Japanese
B virus. The fresh brain tissue of man, taken
at autopsy, has been ground and injected into
horses (338), producing either fatal or mild
cases of encephalitis. Brain tissue has also
been injected into mice (4Z8) with positive
results.

Reeves et al. have presented special methods

employed in the attempt to transmit SLE virus

directly by the bite of Culex pipiens (314). The
viremia of such agents is short lived, relatively

_speaking, and chance has been an important
factor in working with them. In Trinidad,
Gilyard (116), working with one of the longer-
lived viremias, noticed that Mansonia titillans
was predominant among the mosquitoes taken.
Gilyard trapped six female mosquitoes feeding
on the back of an encephalitic donkey, and by
placing them on a normal-appearing donkey he
obtained direct evidence of virus transmission
by arthropod biting in that epidemic of Vene-
zuelan equine encephalomyelitis.

Intranasal instillation of virus suspension has
been commonly used, especially in early tests,
in trying to demonstrate droplet infection via
the upper respiratory tract of test animals (175,
302, 388, 411, 413). Several authors have re-
sorted to the use of the embryonic chorio-
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allantoic membrane in order to show arthropod
transmission in laboratory animals (342, 367,
368,370,371).

Isolation of Virus

The technique of Hammon et al. (755) for
virus isolation from field-caught arthropods has
become a standard ; by this technique, specimens
are identified under chloroform anesthesia,
hermetically sealed by flame in shell vials,
packed in dry ice, and held for later thawing
and grinding of the specimens preparatory to
injection into test animals, for which mice are
generally suitable. After the mice have mani-
fested encephalitic symptoms, their brains are
removed aseptically, triturated, and passed to
other mice. Upon establishment of a strain of
virus, it is identified by using the neutralization
test.

Many specimens of the same species of ar-
thropod (especially mosquitoes) taken from
the same place are often pooled for a single in-
jection. Obviously, this technique demands
proper speciation when possible. One notes
that in preliminary studies Semliki Forest virus
(873) was recovered from a taxonomically con-
fused group of Aedes sp., and that Bunyamwera
virus (377) was isolated from 15 specimens of
a pool of 4,114 mosquitoes belonging to 14 spe-
cies of Aedes. In this country, isolations of
virus have been made from pools of arthropods
containing different species (187, 316). Ar-
thropod collecting and handling under field con-
ditions have been detailed in the following
works: 115, 213, 2,0, 293, and 312.

A1l of the life-cycle stages of certain candi-
date arthropod vectors (especially ticks and
mites) have been utilized in attempts to show
transovarial transmission of these viruses (368,
369, 390,393). Old and young viremic mice and
infected ticks have been successfully manipu-
lated to show transmission of SLE (47).

Brodie (58), working with SLE, was unable
to infect normal mice orally with contaminated
food or by intragastric injection, using laparot-
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omy to rule out intraperitoneal infection. De-
tails on an unusual laboratory method of virus
transmission by one mouse eating another have
been given by Harford et al. (164, 165). Hogs
were shown to be resistant to the feeding of
several pints of WEE-virus-laden chick embryo
materials (241).

Davis (87) made comparative studies on the
ability of various mosquitoes to infect birds with
EEE by biting. He showed that in a 25-day
life span of an individual Aedes triseriatus, this
mosquito succeeded in transmitting the virus to
three different guinea pigs and to a cowbird by
a bloodless puncture. TenBroeck and Merrill
used the unusual approach of raising the “titer”
of WEE-infected Aedes aegypti by continued
serial feedings of normal mosquitoes on crushed
infected mosquitoes (398). Growth of WEE
has been accomplished by using the tissues and
organs of A. aegypti in vitro; and it was found
that the midgut of full-grown larvae and the
ovaries of newly emerged adults best supported
virus growth (405). Virus is thought to be
uniformly distributed in the parts of infective
A. aegypti (245). Initial feeding of arthropods
on artifically infected animal hosts (via virus
injection) or on virus suspensions of various
kinds has, of necessity, been the rule in many
laboratory tests. (References 131,132,145, 146,
245, 260, 379, 399 depict the use of virus in
blood, in brain suspensions, or in other media as
a source of infective agent.)

Arthropods have been test-fed on a large num-
ber of warm-blooded candidate virus reservoirs
(table 6). Of all the common routes by which
infection may be given to candidate hosts, the
intracranial or intracerebral injection and the

dermal route have been most widely utilized.
Comparative immunological studies on domestic
encephalitis viruses (EEE, WEE, and SLE)
and similar studies on those of foreign origin
are to be found in these papers: 176, 177, 215,
217, 228, 253, 288, 302, 346, 365, 416, }20. An
analysis of routine laboratory methods has been
prepared by Milzer (259).

Laboratory Infections

Laboratory virus infections in man induced
by accident or by other means serve as a source
of valuable information when the cases can be
adequately studied. Sulkin and Pike have fur-
nished general review up to 1949 of viral in-
fections contracted in the laboratory (384).
Casals et al. summarized two such infections
with Venezuelan equine encephalomyelitis
which were notable for the isolation of that
virus from the nasopharynx and blood of these
nonfatal cases (68). Lennette and Koprowski
(227) were able to study eight patients with the
same disease, which apparently was dustborne.
Two of the four accidental WEE cases in tech-
nicians have resulted in death (104, 119, 170).
The case of WEE followed by Gold and Hampil
(119) is especially interesting in the description
of the successful use of antiencephalomyelitic
immune horse serum administered in large vol-
umes and at frequent intervals. This method is
without value after CN'S symptoms occur. One
worker who handled EEE for 6 years and en-
joyed apparent good health developed neutral-
izing antibodies in his serum (284). To date
there seem to have been no cases of laboratory
infection with SLE.

Epidemiology

Man is not considered to be a reservoir of en-
cephalitis virus and may be but an accidental
host (747). Furthermore, although devastat-
ing epizootics have occurred in the United
States and in Canada among the equine species,
these animals are not considered as important
sources of virus agent. Disease in horses and

in humans (27) serves as an epidemiological
indicator of the presence of infection in certain
areas such as California (150) and Washing-
ton (744). It is sometimes stated that the re-,
porting of human cases of epidemic encepha-
litides has been more carefully done in the
Western States than in the States east of the

6 Biological Factors in the Transmission of Arthropod-Borne Virus Encephalitides



Mississippi River. Since 1930, a total of 14,119
human cases has been reported ” in the 22 West-
ern States, the lowest number (226 cases) in
1948 and the highest number (3,156 cases) in
1941. The year 1950 had the highest number
(554 cases) since 1941, and of these infections
333 were from California. The National Office
of Vital Statistics reports a total of 27,748
human cases for the period 1926-50 in all States
(the lowest number, 702, in 1932; the highest,
3,516, in 1941; and 1,135 cases in 1950).

Equine Encephaloinyelitis

The term “equine encephalomyelitis™ was first
applied to this disease entity by C. H. Stange
in November 1912 when he spoke before the
Iowa State Veterinary Medical Association
(72). At this time the disease in horses was
poorly understood and was variously known as
horse plague, Borna’s disease, botulism, forage
poisoning, and sleeping sickness (220). Zwick
and. Seifried, working on European materials,
in 1924 (433) disclosed that the equine disease
was caused by a filtrable virus; this preceded the
classic work of a similar nature by Meyer and
co-workers in the United States (252). Nat-
urally, the horse is the animal which has been
the most studied clinically. Although all of
the papers cited (17, 86, 154, 240, 275) have in-
teresting descriptions of equine disease, the
early works of Records and Vawter (299-303)
are noteworthy for the inclusion of a series of

_photographs of animals with equine encepha-
lomyelitis in progressive stages. Motion pic-
tures were taken of horses with symptoms of the
‘disease in the Montana outbreak of 1936 (275).

Equine epidemics (presumably - involving
EEE and WEE) have been recorded for the
United States in 1847, 1850, 1867, 1882, 1897,
1912, 1919, 1920, 1921, 1923-28, and 1930-31
(220, 249, 267). Morbidity and mortality data
for these early epidemics are relatively scarce
(249). The 1912 epidemic seems to have been
rather widely distributed, covering 17 States,
with an estimated loss of 35,000 horses and mules

" It should be pointed out that this rather large num-
ber of cases primarily represents the reporting of “in-
fectious encephalitis” and not “arthropod-borne virus
encephalitides” alone, for the number of laboratory
confirmations of the latter cases is a small proportion
of the total figure. ;
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in Kansas and Nebraska (2/9) alone. Meyer
early thought of these first epidemics as being
cyclic in nature since the peaks seemed to come
at 10- to 15-year intervals. Since 1936, yearly
reports by Miller (255, 256), Mohler (263, 265,
266, 268-271) and Simms (356-361) from the
Bureau of Animal Industry (U. S. Department
of Agriculture) have presented a continuous
picture of the disease in horses. The data are
accumulated through the cooperation of local
veterinarians, livestock officials, and Bureau in-
spectors and are often based on questionnaires.
A 15-year summary (361) up to 1951 shows the
following peak years, with numbers of reported
cases: 1935 (23,512); 1937 (173,889); 1938
(184,662, the highest number in 15 years) ; 1940
(16,941) ; 1941 (36,872); and 1944 (19,590).
Since 1944, incidence has gradually dropped to
the lowest recorded figure of 762 for 1951.

The number of deaths from equine encepha-
lomyelitis during the period 1935-51 ranged
from 274 (1951) to 8,210 (1941), with a total
of 33,563 equine deaths recorded for the 13-year
period (1939-51). Equine deaths are not re-
corded for the years 1935 through 1938 in the
May 1951 report by Simms (367). The mor-
tality per 100 affected animals has ranged from
211n 1938 (the peak year of the period 1935-50)
to 60 in 1949 (with only 4,037 cases), with an
average mortality of 33.2 since 1938.* On the
basis of cursory analysis, there is apparent indi-
cation of a possible spread and shifting of the
disease (lumping the incidence of WEE and
EEE) if one considers the number and loca-
tion of the States affected either epidemically
or endemically, as indicated by the Bureau of
Animal Industry reports, noting cases in 17
States in 1912, and 28, 17, 30, 39, 42, 38, 33, 35,
34, 33, 33, 37, 33, 35, 37, 33, and 28 States in-
volved for the years 1935 through 1951, re-
spectively.

Geographic Distribution

There is no adequate evidence that these
diseases have spread geographically from a cen-
tral focus in North America. As an example
of the distribution, 96 percent of all cases were

8 Combination of mortality rates for WEE and EEE
in the horse is unfortunate since it is sometimes stated
that the rate for WEE usually averages 2040 percent,
whereas the rate for EEE averages 80-90 percent.



located west of the Mississippi River in 22
States in 1940; whereas in 1950, cases were
rather evenly and lightly distributed north of
the Ohio River and west of the Mississippi
River, with the highest concentrations (5 or
more cases per 1,000 equines) in the extreme
southern sectors of Oregon and in parts of Cali-
fornia. In general, California, especially the
central regions, appears to have been the 1950
focal point of disease distribution. During
the epizootic period of 1951, California, Ne-
braska, and Missouri had the highest indexes.
The disease has remained rather statically dis-
tributed since the peak year of 1938, while the
lowering of the index has been gradual. This
has been coupled with a decreasing equine popu-
lation in the United States—from 15,245,000
(1938) and 9,130,000 (1948) to a figure of
7,463,000 in 1951. The range in the number of
States affected by the disease has been 17 (1936)
to 41 (1939) ; in the latter case, all States except
Mississippi, Tennessee, South Carolina, West
Virginia, Pennsylvania, New York, and New
Hampshire had reported the equine disease.
At this writing, equine disease has not been re-
ported from Tennessee, West Virginia, and
Pennsylvania. The following Provinces in
Canada have reported equine infections: On-
tario, Manitoba, and Saskatchewan, where the
first case was noted in 1935 (707). Actual virus
isolations of WEE and EEE from equines of
29 States up to 1951 are presented in table 5.

These equine diseases probably are widely
distributed in many foreign countries, as evi-
denced by the following references: EEE and
WEE in Canada (341, 348) ; EEE in Panama
(95, 196, 199, 380), in Brazil (95, 226), in Mex-
ico (95, 38), in Cuba (95), in the Dominican
Republic (3, 94. 95), and in the Philippine
Islands (231) ; WEE in Argentina (253, 176) ;
while equine encephalomyelitis is assumed to
have been reported for both Hawaii and Puerto
Rico (361).

Many data representing the various facets of
epidemiology have been gathered in numerous
surveys of these human and animal diseases in
North America, of which the following list
represents the major efforts for each: SLE (18,
53, 69, 129, 137, 144, 19, 150, 152, 15}, 156, 159,
179, 182, 184, 221-224, 229, 242, 382) ; WEE (66,
77, 83, 90, 92, 106, 137, 149, 150, 152, 154, 156,
158, 160, 167, 179, 181, 184, 291, 299, 315, 430) ;

EEE (87, 94, 98, 99, 110, 112, 158, 189, 206).
With respect to field methods, the question-
naires designed for use in the famous Missouri
SLE outbreak and the questionnaire supplied
observers in equine outbreaks (249, 263) are of
interest. Probably the most complete study of
arthropod vectors of EEE outbreaks was that
of Feemster and Getting (99), in which the
data of an extensive survey have been presented.
Analysis of the recent (1948—49) epidemic of
EEE in the Dominican Republie, by Eklund
and co-workers (94, 95), was made by use of the
most advanced techniques.

Climate and Seasonal Appearance

Climate and the seasonal appearance of
these diseases (WEE, EEE, and SLE) have
received considerable attention from epidemi-
ologists. Since all but one (Russian tick-borne
encephalitis) of the epidemic encephalitides
are held to be mosquito-borne, and since they
have occurred epidemically principally in tem-
perate regions, the distribution has been pri-
marily in summer and fall months. The Bu-
reau of Animal Industry reports on horses
have selected three seasonal periods (pre-epizo-
otic, epizootic, and postepizootic) as useful in-
dicators. As an example, these periods, with
respective months and number of cases per
month, are presented for 1950 (361): pre-
epizootic—January (7), February (6), March
(3), April (11), and May (41); epizootic—
June (94), July (153), August (218), Septem-
ber (303), October (141); postepizootic—No-
vember (39) and December (7).

Many of the equine outbreaks in the United
States have appeared under hot, dry condi-
tions. Such was the case in the San Joaquin
Valley in 1931, where the number of cases rose
when the temperature ranged between 90° and
100° F. At that time it was tentatively thought
that this condition brought out inapparent
cases (249). High humidity was recorded for
the disastrous horse epidemic of 1912 in Kan-
sas and in more recent outbreaks in Saskat-
chewan, Canada. Records and Vawter (300)
reported three infected horses in Nevada in
November. These animals had been moved in
from a high mountain ranch to another corral
to join a herd of horses in which there had been
no apparent infection for 15 months, and with-

8 Biological Factors in the Transmission of Arthropod-Borne Virus Encephalitides



in 8 days, each of the three animals developed
a fulminating viremia. The authors felt that,
in general, disease transmission via mosquitoes
was unlikely since several “localized outbreaks
with a high mortality have occurred.in the
winter months.”

Lambert et al. (279) found that young horses
were more susceptible to WEE than older ones,
but that sex differences did not show in a sta-
tistical analysis of a Miles City, Mont., out-
break in 1939. Low indexes of clinical cases
in animals over 2 years old may in large part
be due to immunity developed by clinical or,
more probably, nonclinical infection at an early
age. At present, most infections appear in
horses under 2 years of age. The fact that mice
(283) and chickens (262, 385) are more sus-
ceptible to viruses when young forms the basis
for several laboratory procedures. Young
birds have been studied as sources of these
viruses in nature (379). Chicks may serve as
a short-term source of WEE virus for mosqui-
toes (148).

Certain unusual findings in equine epidemics
are included here for consideration. Fulton
(107) noted that Saskatchewan outbreaks of
WEE occurred in areas known to be very dry
for months and to be without mosquitoes.
Meyer also commented on the same thing early
in the history of the disease (257). Early stud-
ies on horse botulism showed the disease (which
included “sleeping sickness’) to be most preva-
lent in the fall and winter, which is a seasonal
distribution not generally found at present in
WEE and EEE. In a notable virus isolation
of EEE from a Florida horse during the mid-
.dle of January 1939, the wintertime occurrence
was tentatively attributed to the probable pres-
ence of mosquitoes (75, 285). One horse case
of WEE occurred in the center of an area not
completely treated for the insect (163).

Human Encephalitis

An interesting human case of WEE (324)
occurred in the center of Chicago, and allegedly
careful checking showed no known contact with
arthropods. One wonders at the western dis-
tribution of SLE virus in the United States
and its apparent absence in Canada, as reflected
in reporting. Certain manifestations of these
viruses which appear unusual at present have
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been reported, such as the development of a
virus which caused lymphocytic choriomenin-
gitis in monkeys and mice upon the injection of
a virus suspension taken from a patient dying
with SLE (37) ; the suggested relationship ex-
isting between SLE and epidemic keratocon-
junctivitis (74, 332) ; certain changes in viruses
(406), especially the isolation of a mixture of
viruses from which both SLE and WEE were
obtained (762) ; and the discovery of an agent
in normal mouse urine which neutralized large
amounts of SLE virus (286).

In recent years SLE has become increasingly
more important in California. At present, two
established endemic foci of WEE are Weld
County, Colo.,, and Kern County, Calif.
Moreover, new viruses have been discovered,
such as the California virus (159).

The age distribution of human cases of virus
encephalitis has been considered, especially the
distribution of SLE (50). In general, age dis-
tribution varies with the immunity and type
of exposure of a population. SLE was shown
to have a higher case index among older groups
but no preference for sex or color.

Transmission of Virus

Kelser’s researches (193) on the direct trans-
mission of WEE virus through the bloodsuck-
ing activity of an arthropod are classic in the
history of the epidemic encephalitides. Kel-
ser used A. aegypti of Philippine Islands origin
and WEE virus from the brain of a North
Dakota horse in the first laboratory transmis-
sion of encephalomyelitis. He injected virus
suspensions into three guinea pigs. Mosqui-
toes were initially fed on the three guinea pigs
at 48, 72, 96, 120, and 144 hours following in-
jection, a period which covers the febrile stages
of the disease in guinea pigs. Kach lot of
Aedes was then test fed on normal guinea pigs
6 days from the time of initial feeding, an inter-
val thought of as the incubation period. All
guinea pigs died from encephalitis from each of
the mosquito test groups except the last one
(144 hours). Some of the mosquitoes were in-
fective up to 18 days after initial feeding. A
horse which also was infected by the above
method of direct transmission by arthropod bite
died with encephalomyelitis. TenBroeck and
Merrill learned later (399) that Aedes sp. must
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Results of attempted virus isolations from nature (arthropods)

Table 1.
= : Eastern
: estern equine . i equine
- Arthropods studied Sndophalomyelitie. & St. Louis encephahtls en%epha—
lomyelitis
Aedes aegypti - - _______ —315 —315
Aedes campestris__ . _______ —151 —151
Aedes cinereus_ - _ - _______—___________ — 151, 156 — 151, 156
Aedes dorsaly8 > m s r T L LT +144 149, 159; — 151, 156 +147, 149; —151, 156
424’
Aedasancrepilus - > oo ososbeiao it —151, 156 —151, 156
Aedes lateralis (sticticus) - _____________ —151, 156 —151
Aedes nigromaculis___________________ —137, 149, 156, 160, 315,424 | —137, 315
Aedes scapularis_ - ________________ —158 —158 —94, 158
idedes sollicilonsz - oot il ol L — 158 — 158 — 158
Aedes taeniorhynchus_________________ —158 —158 —94, 158
Aedes triseriatus_ - - _________________ =T60:-. - oL 0 s aal b e D ety 0
Aedes trivittatus_ - - _________________ —= 1O e 0 L ete R T e e Tttt s S
Aedes vexans_ - - ___________________ —124, 137, 149, 151, 156, | — 137, 149, 151 158, 315 —158
158, 160, 315, 424
Anopheles albimaniis - _ 23 i pran Sl ant o LRGeS LS s e o A AT S e —94
Anopheles cructans-_ . ___________ —158 —158 — 94, 158
Anopheles freeborni___________________ +137, 147; — 156, 151 — 137, 151, 156
Anopheles pseudopunchpenms _________ — 158 —158 — 158
Anopheles punctipennis_ . ___________ —137, 156, 160 - 137
Anopheles quadrlmaculatus ____________ —158 — 158 — 158
GulertbaRamensT8 i it A L vnat L o B e s e s i i T —94
Culex coronator __ - _____ - ___ .1 _____ — 158 — 158 —158
Culex erraticus_ - - - ______________ —158, 315 — 158, 315 —158
Culex pipiens_______________________ +137 147; —151, 156, 160 | +137; —151, 156 —98
Culex quinquefasciatus________________ — 147, 149, 158, 315 — 149, 158, 315 — 158
Culex restuans (territans) . ____________ +281; ——124, 160 - - vied EleocbsteTmurals tiia kL ar Ta 08
Culex salinarius — 158, 160, 315 — 158, 315 — 158
Culex stigmatosoma-___ - - _____________ +147,159; —149 —147, 149, 159
Culex tarsalis_ .- _______ +4, 8, 23,137, 147,149, 151, | 4132, 137, 151, 156; — 158, | —158
156, 159, 160, 211, 424; 315
—124, 158, 159, 311, 315 :
Culex thriambus_ - - - . ___________ —149 —149
Culiseta incidens__ _ _ _________________ —137, 151, 156 — 137,151, 156
Culiseta inornata_ .. — - _____________ +%3g, 147; —149, 151, 156, | —137, 149 151, 156, 315
. 31
Culisela Melamur@e . o5 in Liis T v e | em ot oS i e B e 2 | i e i e e T S 2 +26, 73
Deinocerites cancer_ - _ _ _ - o | e | el —94
Deinocerites spanius_ - - _____________ —158 —158 —158
Meansonia Perturband i . - totat s S PPN o e v celooedie e et nas dedin oS ITLE S SNSRI -+ 188, 206

be fed on virus suspensions (or on animals in-
jected with virus suspensions) of high tltel in
order to secure uniform results.

Very few isolations of EEE have been made
from arthropods in nature (table 1), although
mosquitoes (as well as horses) were suspected
as factors in disease transmission in early epi-
demics (425). Chamberlain and co-workers
made an isolation from the mosquito Culiseta
melanura in Louisiana (73). Before this, the
virus had been detected in Tennessee in chicken
mites and chicken lice (187), and in Georgia in
a mosquito, Mansonia perturbans (188, 206).

The present record on WEE virus isolations
(as based on initial dates) from the important
vector species Culex tarsalis in the United
States is as follows: Washington, 1941; Cali-
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fornia, 1943; Nebraska, 1943; Montana, 1944 ;
and North Dakota, 1948. Through 1950, 144
isolations of WEE and 14 isolations of SLE
virus have been made from this important mos-
quito. Thompson and co-workers have recently
reported on the isolation of WEE virus from
A. dorsalis of midwestern United States for
the first time.?

One of the main purposes of this survey is to
present tabulations on intermediate and defin-
itive hosts. Studies are summarized in tables
1 through 6, which are complete through 1951.
In the use of these tabulations it must be re-

® Thompson, G. A., Howitt, B. F., Gorrie, R., and
Cockburn, T. A.: Encephalitis in Midwest. VI. West-
ern equine encephalomyelitis virus isolated from Aedes

dorsalis Meigen. Proc. Soc. Exper. Biol. & Med. 78:
289-290 (1951).

Biological Factors in the Transmission of Arthropod-Borne Virus Encephalitides



Table 1. Results of attempted virus isolations from nature (arthropods)—Continued

W Eastern
i estern i 5 e i
Arthropods studied enceph;loglq;glrilgis St. Louis encephalitis effég;;f}:_
lomyelitis

- Mansonia titillans___ - _____ - ___ —158 —158 —158

Psorophora ciliata_____ . ___ —158, 160, 315 —160, 315 —158

Psorophora confinnis_ - - _____ - —315 —315

Psorophora cyanescens_ - ___ .- — 158, 315 — 158, 315 —158

Psorophora discolor - _____ - ____ —158 —158 158

P3orophora pygmaea. - = oo simmem|ede ool ool —94

Psorophora signipennis_ _ .- __ —158, 160, 315 —160, 315 —158

IBAella SD 5Tt s - e wee DB L e 1. (S P S P ST St ol el o VUL MO0 i S BT\

Dermanyssus americanus- - - - - - - ———--- +254, 316;! —311 —316

Dermanyssus gallinae..__ - - - +381; —311, 315, 424 +367, 368; --315 +187

Bdellonyssus bursa_. . - - - - - - -~ ———~_ R O e e I o N LV

Bdellonyssus sylviarum .- - - - - __ +162, 316, 424; —311 +4, 162

Pteronyssus Sp-. - - - - - ——mmmmmme e ) B T N L i

Argas persicus. - .- - - oooeeo —149 —149

Dermacentor americanus - - - - - - - - __ —B1B. , . o e et S Bl

Dermacentor andersont - - - - - - - _____ —125, 127 — 149

Haemaphysalis leporis_ - - - - ___ —149 —149

Txodes :Sp. = s  doiiiud o oo ialon o —156 —156

Ornithodoros turicat@.- - - ————— - ___ —149 —149

Ground squirrel fleas_ - -~ - - - ___ —149 —149

Rabbit-fleas. . i e —149 — 149

Assassin bugs_ - - - e by L B UL LY N S S W S L ST O,

Triatoma SanguiSUGQ - - - - - - -~~~ -~~~ 124,209 . . . oalloo_ el ¥ L SR

Cimex lectularius-. .- - - - - - - - -~ —160, 156 —156

Menopon pallidum - - - ———— - ___ } e

Eomenacanthus stramineus . _ - -z _..____|[~" "~ """ "mTmmooogmsmmmsslmmoocoooommeeoo oo oo oo

Ground squirrel lice_ - - - _____ — 149 — 149

Ceratopogoniids_ . - - - - ___ — 156 — 156

Haematobia serrata—_ - - - - ___ —315 —315

Hippelates pusio_ - - - - - - _____ —156 =156

Siphona irritans - - - - _______ --156 — 156

Musca domestica— - - - — - _______ — 156 —156

Simulsum:Spe —- - =l —156 —156

Stomozys calcitrans__ - _____________ —124, 156 —156

StomoTYs SP-- - - - -~ - ~ 197 - .. . . b Y A slosi,

L abanUS 8P = - e s m i i laee — 156 — 156

1 Original collection was a mixture of D. americanus and B. sylviarum.

2 Also listed as Fonsecaonyssus sylviarum.

Note: + or — preceding bibliographic number indicates positive or negative results during a particular trial.

(?) indicates indefinite statement in paper reviewed.

membered that in many instances more than
one reference relates to a single test. Both cold-
‘and warm-blooded animals are listed as they
were named in the literature, without regard
to moderntaxonomic placement. While many
arthropod species have been tested for the
presence of naturally acquired virus infections,
deductions based on epidemiological factors
have compelled workers to seek virus isolations
principally from mosquitoes, ticks, and mites.
In these tables, demonstration of the presence
or absence of virus during a particular trial is
denoted by a plus or minus symbol with the ap-
propriate bibliographic number. These symbols
are qualitative and imply only that one or more
tests were negative or positive as the case may
be. The few parenthetic question marks are
those placed by this author and indicate indefi-
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nite statements in the paper reviewed. Com-
parisons may be made with these tabulations
and those given previously by other authors, of
which the following are particularly informa-
tive: Davis (87), Cockburn et al. (77), Ham-
mon et al. (152), Manzelli (235), and Syverton
and Berry (392). The summaries of Manzelli
are especially useful (235).

Table 1 indicates that mosquitoes have been
used mostly in attempting to isolate viruses,
of which the most numerous tests have been
with WEE.

Table 2 lists certain arthropods (4. aegypti,
Aedes cantator, Aedes sollicitans, Aedes tae-
niorhynchus, Aedes vexans, C. tarsalis, Der-
macentor andersoni, and Dermacentor varia-
bilis) which demonstrate rather uniform abil-
ity to transmit viruses directly by biting. In
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Table 2. Results of attempted direct! virus transmission by bite of arthropod

Arthropods studied

Western equine en-
cephalomyelitis

St. Louis encephalitis

Eastern equine en-
cephalomyelitis

Aedes aeqypti- - - ______

Aedes albopictus____________________
Aedes atropalpus__________ SRk M
Aedes cantator - - __________________
Aedes cinereus_ - __________________
Aedes dorsallis. i -focianoie il i

Aedes togot - - - ________________
Aedes nagromaculis - - ___________
Aedes sollicitans____ - __________
Aedes taentorhynchus_ - - ____________
Aedes trisertatus__-_ - . _____
Aedes varipalpus_ - _____
Aedes vexans .- . __________
Anopheles freeborni_________________
Anopheles punctipennis_ - ___________
Anopheles quadrimaculatus__________
Armigeres obturbans 2_______________
Culex apicalis. - _____________ T
Culex erraticus__ - - - ____________
Culex pipiens______________________
Culex pipiens pallens_______________
Culex quinquefasciatus______________
Culex salinarius____________________
Culex tarsales ... _______________
Culex territans (restuans)____________
Culex tritaentorhynchus_ - . _________
Culiseta inornata__ - - ____________
Culiseta melanura__ - _______________
Mansonia perturbans_ - - ___________
Psorophora ciliata- - _________
Psorophora confinnis_ - ___________
Psorophora cyanescens______________
Uranotaenia sapphirina-_ ___________
Wyeomyia smathii - - __________
Dermanyssus gallinae._ - __________
Bdellonyssus sylviarum__._ - _________
Dermacentor andersoni__ - __________
Dermacentor vartabilis_ - __________
Diamanus montanus__ - - - _______
Echidnophaga gallinacea_ .- _______
Ctenocephalides felis________________
Triatoma sanguisuga_ ... ___________
Stphona srritans. _ 2 _ - . o-_.
Simulium vittatum______ - - ________
Stomozys calcitrans___ . _______
Tabanus punctifer-_ - ___

+114, 172,193, 198(2),
246, 398.
+355

—305
+193(?), 194
—137, 152, 172

+389, 390, 393
—124
—152
—faa
—152
+124
—172
81
—152
=172

+45, 354; —18, 146

+137; —18, 105

+87, 114, 345, 399

+87, 99
+87, 99, 247, 399
—87

+87, 99, 247
+99% —195, 197, 399
+87, 99

+87, 99, 399

—87
—87, 399
— 87

—87, 399

—24, 25
—87

—87

—87
—87

1 Direct transmission by bite is inferred, i. e., the arthropod became infected by biting a test animal which had

been infected by various means.

2 Probably A. subalbatus.

NoTE: + or — preceding bibliographic number indicates positive or negative results during a particular trial.
(?) indicates indefinite statement in paper reviewed.

table 3 a remarkably high number of records
appear indicative of positive transmission by
It is obvious that the main
attention has been upon tests involving mos-
quitoes in contrast with other arthropods. As
indicated in table 4, little work has been pub-

various methods.

lished on the detection of neutralizing anti-

bodies of EEE in animals.

12

Additional data on
the detection of neutralizing antibodies in the
serums of a wide range of Colorado small mam-

mals are detailed in the paper by Hutson et al.*®
in which only 6 out of the 300 tests were posi- -
tive (5 positive WEE and 1 positive SLE
tests). Asshown in table 5, very few isolations
of viruses have been reported from animals
other than horses. Virus has been isolated from

¥ Hutson, G. A., Howitt, B. F., and Cockburn, T. A.:
Encephalitis in Midwest. VII. Neutralizing antibodies
in sera of small wild animals—Colorado, 1950. Proc.
Soc. Exper. Biol. & Med. 78: 290-293 (1951).

Biological Factors in the Transmission of Arthropod-Borne Virus Encephalitides



the blood of wild birds (13, 206, 207, 379), the
first isolation being that by Kissling and co-
workers (207) working with purple grackles,
and has been studied in the blood of laboratory
chickens (748) and experimentally infected wild
birds ™ by Hammon and co-workers. These
authors infer that wild birds (species of spar-
rows, finches, and blackbirds) are probably
more important than domestic ones as sources
of WEE and SLE virus infection for mosqui-
toes in Kern County, Calif. Cox and co-workers
isolated WEE virus from a prairie chicken
taken in a sick condition in North Dakota (83).
In table 6 the entries merely indicate those
animals which have been used in laboratory
tests with particular viruses.

“ Hammon, W. M., Reeves, W. C., and Sather, G. E.:
Western equine encephalomyelitis and St. Louis en-
cephalitis virus in the blood of experimentally infected
wild birds and epidemiological implications of findings.
J. Immunol. 67: 357-367 (1951).

None of the previous tests on transmission
with all of the manipulation of viruses and host
animals have the apparent directness of Gil-
yard’s method (7/6) on the passage of Vene-
zuelan virus from a naturally infected animal
to a normal animal by the bite of an arthropod.
Yet proof wasnot given that the test animal was
not already infected with virus. The ability
of an arthropod to transmit these diseases under
laboratory conditions and under natural con-
ditions may not be the same. Obviously, to
show that an outbreak of human illness follows
(after a proper arthropod virus incubation pe-
riod) the positive isolation of a virus from ani-
mals with apparent or inapparent viremia in the
same neighborhood would be of epidemiologi-
cal interest ; to isolate the virus from the arthro-
pod vector at the same time would be relatively
significant. The situation in Yakima Valley,
Wash., in 1942 should be considered from this
viewpoint (737, 152).

Table 3. Results of attempted indirect ! transmission of virus by laboratory methods (arthropods)
. Weéstern equine : i Eastern equine
Arthropods studied encephalomc;elitis St. Louis encephalitis encephaloncllyelitis
Aedes aeqypti--— - ———— - ___ +247 —18 +114; —245, 399
Aedes albopictus .. ______ | __________________ 4261
Aedes campestris__ - _________ +151 el
Aedes-CINereuUs_ - — e | oo —151
Aedes dorsalis - - - __________ —212, 234 —151
PAede8nerePullsic: cc oo tc v s i s e e e S —151
Aedes lateralis (sticticus) - _________| __________________ +146, 147, 157; —151
Aedes nigromaculis___________1___ —234 4146, 147; —151
A e A R A ) S S O SO, e S) o B R e S R + 247
Aedes taensorhynchus_____________|___________________ 1146, 147, 158
Aedes VeTaANS = = - = e oot e | e +146, 147, 151
Anophelesfreebﬂrni--_-_.---------_ —145 —146, 151
Anopheles punclipennis___________ —145 —146
Anopheles quadrimaculatus- - ___ | __________________ —18
Armigeres obturbans (subalbatus) - - _| +261 —261 —261
Culex coronator - - - - | +132, 146, 158
Culex pipiens-------------------- —145, 247 2 ig? 131,132, 146, 314; —18,
Culex pipiens pallens_ .- - +261 4261 4261
Culex quinquefasciatus-— | __________________ +158; —146
Culex stigmatosoma *-- .- - _ —145(?) —146
Culex tarsalts-. . - - ————————————-- +145, 157 4132, 146, 157, 158
Culex tritaeniorhynchus- - - - - __ —261 +261 +261
Culiseta incidens - ———— -~~~ -~ +145 +146, 147, 151
Culiseta tnornat@.- e -———-----| +145 4146, 147; —151
Psorophora cili%a ---------------- = {ig 5 —146
Psorophora confinngs .- - -~ —145,168 = | mmmlcee o
Dermgnyssus gallinae--- - - ——-- +382(?) 4369, 370, 371
Amblyomma maculatum__ - - - - - - - —263 | el
Simulium vittatum_ ... - -~ 2020 e lcid e o
Stomozys calcitrans__ - - - ——————- =963 . 0 W a e

1 Indirect transmission is inferred; i. e., the arthropod became infected by the use of various, somewhat artificial

techniques.

2 Reference 190 states that C. stigmatosoma is capable of experimental transmission of WEE. Source of data

not given.

Nore: + or — preceding bibliographic number indicates positive or negative results during a particular trial.

(?) indicates indefinite statement in paper reviewed.
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Table 4. Results of tests of naturally infected warm-blooded hosts for neutralizing antibodies in serums

Hosts studied !

Western equine

St. Louis. encephalitis

Eastern equine

encephalomyelitis encephalomyelitis
Birds:
Birds, wild_seo oo SriTo T L 4,122,625 40 S TEb e s R e e +4, 22, 62
Blackbird, Brewer’s_____.________ +311; —154, 315 +311; —154
Blackbird, red-winged.____________ —154, 311 +311; —154
Chickens -2 cood tdbi oo . +4, 154, 158, 159, 311, | +154, 159, 311; —154, | —158
315; —154, 158, 160, 158
311, 315 s
Gootoerpuaz o Bl el e —154, 315 +154; —154
Crowe i s ot Sihi i o 8 —315 +315; —315
POVetize ot S0 o biiag 228 4 —154 +154; —154
Dove, mourning_________________ +315; —158, 311, 315 +311; —158, 315 —158
Puekesssonis xn Lo Sk Rk S +154; —154, 158 +154; —154, 158, 311 —158
Beret, SNOWY oo coua inbe g Salea e B or oA e e b s TR e e ot AR +25
Fligkers oo\ poi e bopaiiiomee. sl +154 +154; —154
GO0ser et int oo SR e +154; —154 +154; —154
Guinea fowl_____________________ —158 —158 —158
Heron, might. - - oo o o 00 SUNeEREISEE G e e i +4
House finch_____________________ —311 —311
Thisgwhiterodeie cimir ccncbwlsdlosn oo mnt cimosoome soasfatlanint Dl SR ELE D00 5e +4, 25
Jackdaw_ . ___________ —158 —158 —158
Killdeer . - - - oo +154, 311; —154 +311; —154
Kingbird, eastern________________ —311 —311
Ringfisher - -2 . —311 —311
MagpieitBrerms con s mn ciauas dag —311 +311
Meadowlark . __________________ +315; —311, 315 +311, 315; —315
Nighthawk_____________________ —311 —311
OWIESies o ax DOR S E T e h +154; —154 +154; —154
Pheasant- - —_-__________________ +154; —154, 160, 311 +154, 160, 311; —154
3 51000 RN IR SR S —— +154; —154, 311 +154; —154, 311
Quail (bobwhite, ete.)____________ +311; —315 “ | 4311
RODID - - o oo +311 +311
Shiikersr teemns S on o s n —311 +311
Snipe, Wilson___________________ —311 +311
Sparrow, English_ _______________ —311 +311
Sparrow, song__ .~ ______________ —311 —311
Swallow, bank___________________ —311 —311
Swallow, barn___________________ —311 —311
Turkey. - - _____ +154; —154, 158 +154; —154, 158 —158
Woodpecker, hairy_______________ —315 +315; —315
Animals:
Calf e i +315; —315 —315
QA o TR D —154 —154
Chipmunk_______‘______________ +154; —154 —154
{@0) | S PR L —315 —315
COWL e pen mmZalaabodndatl o2y +154, 158, 160, 315; | +154,158; —154, 158 +160(?),  158;
—154, 158, 315 —158
Dog oo +154; —154 +154; —154 :
Goat - +154; —154 +154; —154
Gopher, pocket - ____.__________ —154 +154; —154
HOISe - - - oo +154, 158 +144, 154, 158, 160, 293, | + 154
315; —154, 315
Monkey. o core onocrmeamm e DIL S SN P el TR s e +374
Mouse, field____________________. +154; —154 —154
Mouse, whitefoot________________ +154; —154 —154
Mule-.._ . _______ +154 +154
5 A S +154; —154 +154; —154
Rabbit, cottontail ________________ —154, 158, 315 +154: —154, 158, 315 —158
Rabbit, jack_ ___________________ +154; —154, 315 +154, 315; —154, 315
Rat, Alexander__________________ —154 +154; 154
Rat, Norway._.___________________ —154 +154;: —154
Rat, wildoeois. o De o b S —158 —158 —158
Sheep. iz -coiile om0l +154; —154 +154; —154
Skunk. o e e e M Fen T T e R +4, 22
Squirrel, ground_________________ +154; —154 +154; —154
Squirrel, red fox_________________ —315 +315
Weeasels cooite o mabis s Xz o J 2 +154; —154 —154

14

1 Names as cited in literature.

Nore: + or — preceding bibliographic number indicates positive or negative results during a particular trial.
(?) indicates indefinite statement in paper reviewed.
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The longevity of SLE has been investigated
in mites (368, 369), in ticks (48), and in mos-
quitoes (423). Mitamura et al. (261) have
found no evidence that the virus of Japanese B
encephalitis overwinters in the mosquito; this

“has also been implied by Wooley and Armstrong
(428), working on SLE virus. Winter collec-
tions of mosquitoes from Yakima Valley, Wash.,
were found to be virus negative (737, 749). In
one case (9), the test mites on doves did not out-
last the winter.

A few ecologic studies on suspected or known
natural arthropod vectors of these diseases ap-
pear in the literature. A recent paper by
Abdel-Malek made substantial contributions to
the biology of Aedes trivittatus (27). Pre-

_liminary notes on the ecology and distribution
of certain aedines in California are to be found
in reference 29 as well as in notes on the culi-
cines of Colorado (46). A useful paper on the
distribution of Aedes sp. in New England was
written by Feemster and Getting (99). The
feeding habits of Saskatchewan mosquitoes

have been described by Rempel et al. (323);
comparisons may be made with similar data on
Washington mosquitoes (373) and those from
California (749, 159, 163). Rempel has an un-
published manusecript on ecologic data on
mosquito infestations with respect to outbreaks
of encephalomyelitis in Saskatchewan. Gjullin
et al. (718) have contributed to the ecology of
Aedes sp. in the northwestern United States.
Merrill et al. (247) studied Aedes sp. in connec-
tion with encephalomyelitis in New Jersey,
Delaware, and Virginia in 1934. A seasonal
study has been made of St. Louis County
mosquitoes, especially C. pipiens (88). Ecol-
ogy of mosquitoes-in relation to encephalitis
and irrigation has commanded the attention of
California workers (310, 402, 403). Interest-
ing observations were made on the ecology of
Trinidad mosquitoes in respect to their possible
Venezuelan origin (716). Basic work on (.
tarsalis has been reported by several authors
(35, 59, 109, 190, 290, 317) , and of these studies,

Results of tests to find encephalitis virus in warm-blooded animals in nature.

Table 5.
. Western equine en- St. Louis Eastern equine
1
Hosts studied cephalomyelitis encephalitis encephalomyelitis
Birds:
Blackbird, red-winged.-_______________ +13, 379 —379 —379
Chicken - tesin ooy v b onere oo =127 L e feeendasclthaed
Chicken,-prairie. - .. .- . coo_-1_co 2R3 = T el ATRY L L
Qrowsesie . ol e Sos s s =407 -5 e m el s
Dueck, wild_« - - __ L ___ =127"" " iecaiiemmsmenn
Grackles=r oot ma e Lo cnclieninl st e s fes s e s +26,207
Hawks Sa= Tt s ek s S Sl =127 - |ecemmmcmmmmmme
M AgDIBae = S S S e S S S +13, 379 —379 —379
(0} ol S L RN AL T I —127  |eeedseestasaes
Pheasanbs- «ommmmsotd o Smmn co s =127, | |esessmseseese . 440, 41, 344, 408, 411
124 10T0) s (i A e, SR e e e e e SR S +102
Animals: d
(677 A i SO S R -127
1Y) B R NG O U S +83,348 | ___
Horse 2. _ e oo + 186, 252, 256 +84(?) +52, 62, 112, 136, 196, 199,
226, 231, 256, 298, 341, 383

Monkey - oo ivemc—mmmemmmmmtnme n S| e e d e e — +231
Mouse, field - - - - - —122
Mouse, meadow - - - - - | __ —122

TS T s 2 e i i 4241 =127 . |aiescsecemssss
Rabbit, jack_ __ __ oo =127 0 |osesiesmssal
Rat, wild_ _ oo =127 = |-
Squirrel, ground __ - oo +126(?), 127 |-

I Names as cited in the literature.

.

2 Virus isolations have been made from horse materials in these States: Alabama (WEE and EEE); Arizona
(WEE) ; Arkansas (EEE); California (WEE); Colorado (WEE) ; Delaware (EEE); Florida (EEE); Georgia (EEE);
Idaho (WEE); Illinois (WEE); Iowa (WEE); Kansas (WEE); Kentucky (WEE); Louisiana (EEE); Maryland
(EEE) ; Massachusetts (EEE); Michigan (WEE and EEE) ; Minnesota (WEE) ; Missouri (EEE); Montana (WEE);
Nevada (WEE); New Jersey (EEE); North Carolina (KEE); North Dakota (WEE); South Carolina (EEE);
South Dakota (WEE); Texas (WEE and EEE); Utah (WEE); and Virginia (EEE).

Nore: + or — preceding bibliographic number indicates positive or negative results during a particular trial.

(?) indicates indefinite statement in paper reviewed.
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that of Jenkins (190) is a particularly informa-
Of the miscellaneous arthro-

tive summary.'?
pods indicted in the carrying of

Triatoma sanguisuga has been investigated bio-
nomically (723, 209). Also, there has been

*Valuable data on this subject are to be found in
this work: Brookman, B.: The bionomics of Culex
tarsalis Coquillett in irrigated areas of a Lower
Library, University of Cali-
fornia, Berkeley (unpublished thesis), January 1950.

Sonoran environment.

these viruses,

(163).

much research on the ecology of D. andersoni
in connection with the transmission of WEE
(389-390, 393) , and other diseases.
Endoparasites of warm-blooded animals have
been suspected of transmitting these viruses
No virus was found in strongylid ova
or larvae from feces of a horse infected with
EEE, or from strongylid adults or Gaster-
ophilus larvae collected post mortem (24).
Strongylus sp., taken from encephalitic and

Table 6. Reference index of various hosts used in laboratory studies
Y Western equine St. Louis Eastern equine
Hosts studied encephalomqyelitis encephalitis encephalomyelitis

Birdsywild oot eeonoisilso: 320 7 Fhaw, o LS e aE SnE A T
ChIBKen s e e ot i 93, 94, 145 35, 139, 369 24, 114, 344, 395, 396
Cowbird. =t o 2l sl S oiib o WF 0 ST T O sseElfied L e s 87
Diove;awhitesso s ool cuion sdeal o 23, 131, 139

MOl e o T e i i e 114, 145, 320 139 114
)79 -] T e S U SO ST SN N N e 395, 396
Goose_ o __ 262,320 |l ..
Guinea fowl_______________________ 349 e e 349
15 -5 SO RSP S 320,330 | o
(04 e S 392 L 392
Pigeon____________________________ 111, 114 131 87, 204
Sea Gull__________________________ 330 .- . o v ecieieescsieescaeses
Sparrow, English_________________ | _____ | ____ 87
Stork, white_.____________._________ 320,321 .
Turkeyes o tu s e o n ol e m—— 395, 396
Vulture__ . __________ 320,322 .
Alligator . _______________________ 330°- ¢ -+ = e S T
Calf _____ . 111,114 ~ © o | oD il
[ OF Y SIS RN 111, 114, 262 139 114
Chipmunk_ ________._______________ 262 7 T
COW o 262 35 114
B (o7 o A L 111, 114, 335 35 114
Ferret___ __ ______ _________________ 262 18
FoRat cntbvmatbe diiud dim e =0 262 - e e i
Qonlic oSl o LT 7T 114,231,262 | ___ 114, 253
Gopher. .. ________ 388,389,2390 | .
Guinea pig--— - _________________ 174, 175, 193, 262, 390 | 18, 139 87, 100
Hamster_____________________ 262, 415 - - 0 UL iceaiceoaaotiio ol b 415
HOYSe o cvmm i e o b 84, 174, 193, 234, 253, | 18, 35, 84, 139, 153, | 24, 25, 100, 196, 247,

300, 302, 338, 345, 351 257
351, 413
Monkey | __. 183, 273 )
Mouse_ . __ 106, 114, 262, 386, 405 | 47, 58, 131, 164, 165, | 24, 87, 114, 204
166, 286, 332, 421

Mouse, field________________ |\ ______._ 122
Morise, meadoW. covive cms e sbmsoma s dhimen o S o 122
Mules:e s s s e | o e e 18.
Opossum____, _____________________ 0 I S P DU o5, WU SNTNL 3 A 391
Pag e s 114, 241, 262 35 114
Rabbit___________________________ 114, 262 18 114
Rabbit, cottontail ._________________ 391l a o niliEacoe sl 391
Rabbit, jack. .. __.__.______________ 391 e e e
Rat, cotton_______________________ 124, = - 2 U e e e S 124
Rat, white.__________+_______ """~ 114, 262 364 114
Rat, wood________________________ 124 <., 0 F . s e o Ba el s 124
Sheeh s o oim S TS S St pn e T 111, 114, 262 35 114
Snaket iiiaf teri e B ol L o 330: ¢ b T U Eo SRRt rs g o
Vole; fielde:coee en oo = oo 891-. - o e pan e T men 391
Woodchuek- .- _________________ B9L- « | s s A e e e b ey 391

1 Names as cited in the literature.
2 Listed as Citellus richardsonzii.
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Table 7. Historical highlights with special reference to WEE, SLE, and EEE

Year

Western equine enceph-
alomyelitis

St. Louis encephalitis

Eastern equine enceph-
alomyelitis

Miscellaneous enceph-
alitides

1847
1867

1902
1912

1915

1918
1919
1924

1926
1930

1931

1932

1933

1934

Public Health Monograph No.

First report of horse epi- |-

demic in United States

(249).
Early report of horse ep-
pidemics in United

States (220).

Horse disease in Kansas
and Nebraska (343).

Horse disease in Colo-
rado (97).

Term ‘‘equine encepha-
lomyelitis’’ first used
(12).

Horse disease in South
Dakota (343).

Horse epidemic in Mon-
tana (343).

Horse disease in Colo-
rado (97).

Human disease in Cali-
fornia (43).

First isolation of virus
from horse (252).

Horse disease in Cali-
fornia (167).

Virus isolation - from
horse—California
(252).

Recovery of virus from
blood of test animals
174).. :

Horse disease in Colo-
rado (97); in Nevada
(299). ;

Prediction of human in-
fection by virus (248).

Laboratory transmission
of disease to horses
and guinea pigs by
bite of mosquito,
Aedes aegypti (193).

Calves and  pigeons
found susceptible
(111).

Argentine equine en-
cephalomyelitis and
WEE ‘“immunologic-
ally identical” (329).

QOutbreak in Paris, Il

probably SLE (79).

Outbreak
(79).
Human cases
'York (419).
First isolation of virus
from human brain

(273).
Recognition of new dis-
ease entity (418).

in St. Louis

in New

No cross immunity with
Japanese B virus (420).

First indictment of mos-
quitoes as SLE vector
(229).

Recognition of SLE as
new disease entity
(272).

23, 1954

Horse disease (EEE?) in
Long Island, New York
(112).

Horse disease (EEE?) in
North Caroline (249).
Horse disease (EEE?) in
Maryland, New Jersey,
and Virginia (112 and

249).

Epizootic along Atlantic
coast (112).

Isolation of virus from
animal brains—Virginia
(112).

First identification of east-
ern strain—Massachu-
setts (397).

Epizootic along Atlantic
coast (112).

Virus transmission by
Aedes sollicitans, A.
cantator and A. aegypti

(247).

Earliest recognition of
encephalitis as clinical
entity (85).

Encephalitis lethargica in
Great Britain (232).

First recognition of von
Economo’s disease in
United States (276).

Acute encephalomyelitis
(X disease) in Aus-
tralia (76). 5

Original discovery that a
filtrable virus was cause
of European equine en-
cephalomyelitis (433).

First diagnosis of Rift
Valley fever in man
(86).

Viruses of vesicular sto-
matitis and encepha-
litis are distinet (81).
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Table 7. Historical highlights with special reference to WEE, SLE, and EEE—Continued

Western equine enceph-

St. Louis encephalitis

Eastern equine enceph-

Miscellaneous enceph-

Year alomyelitis alomyelitis alitides
1935 | First recorded cases in | Mosquitoes not indicted | Existence of eastern and | Similarities of WEE and
horses in Canada (67). as SLE vector (18). western viruses con- Argentina strain noted
Disease transmission by firmed (346). (176).
bite of mosquito, Virus transmission by
Aedes vexans (194). Aedes taeniorhynchus
and A. verans (398). -
1936 | Horse disease in Mon- |__________ Bl ) S SN i 20 S s LAY UL i SLE and Japanese B
tana (82). viruses antigenically
Tick, Dermacentor an- distinet (192).
dersont, indicated as Japanese B encephalitis
vector (389). virus established nos-
Transmission by Aedes ologically (192).
albopictus (355). :
1937 | Horse disease in Canada | First transmission of virus | Horse disease in Panama
(106). by bite of culicine mos- (196).
Disease transmission by quitoes (260).
bite of mosquito, | SLE established endem-
Aedes taeniorhynchus ically in St. Louis, Mo.
(195) ; by Dermacentor (121).
andersoni (390).
1938 | Human disease in Min- | Human encephalitis in | Epizootic in New Eng-
nesota (93). North Dakota (56). land (251).
Human disease in Cali- Birds are possible reser-
fornia (66). voirs (395).
Growth of virus in vitro Virus isolation from hu-
(405). man brain—Massachu-
First recovery of virus setts (103).
from blood of man Recovery of virus from
(180). pigeon braininnature—
First virus isolation from Massachusetts (102).
brain of man (178). Isolation of virus from
Human encephalitis in pheasants—New Jer-
North Dakota (56). sey (408).
Epizootic in Canada
(106).
Use of vaccines in
man (37).
1939 | Isolation of virus from | _______________________ Epizootic along south | Mosquito transmission of
horse brains in Texas Atlantic coast (112). lymphocytic chori-
(52). omeningitis (80).
Human disease in Cali- Virus transmission by | Horse disease in Ar-
fornia (66). Aedes atropalpus and gentina (330).
A. triseriatus (87). Isolation of VEE virus
i (216).
| Use of vaccination against,
) ; VEE (216).
1940 | Antibody survey in Col- | Virus transmission in | _______________________
orado with positive Culex pipiens (105).
results (79). Virus
isolated from 7ria-
toma  sanguisuga—
Kansas (209); from
ground squirrel—
Canada (126).
1941 | Epidemic in North and | Antibodies detected in | Epizootic in Texas (348).
South Dakota, Min- blo6d of man—Minne-
nesota, and Nebraska sota (92); Colorado
(79). Isolation of (79).
virus from prairie | Virus isolation from
chicken and deer— Culex tarsalis (151).
North Dakota (83); | Virus transmission in
from pig—Iowa (241). Dermacentor variabilis
Virus isolation from 4.
Aedes dorsalis—Cal-
ifornia (147); from
Culex tarsalis (151).
18 Biological Factors in the Transmission of Arthropod-Borne Virus Encephalitides



Table 7. Historical highlights with special reference to WEE, SLE, and EEE—Continued

Western equine enceph- : ars Eastern equine enceph- Miscellaneous enceph-

Year alomyelitis St. Louis encephalitis alomyelitis alitides = ¢

1942 | Virus isolation from | Virus isolation from
Culex pipiens, C. tar- Culex pipiens, C. tar-
salis, Culiseta inor- salis—Washington (137
nata, Anopheles free- and 156). SLE in
borni—Washington Airzona (243); in Af-

(187 and 156). rica (374).
Transmission by Culex
pipiens (314). .

1943 | Virus isolation from |________________________ Epizootic in Michigan | California strain isolated
hog—Iowa (241); (187). from Aedes dorsalis
from human spinal (147).
fluid (128). Virus Human infection with
isolation from Culex VEE (227).
stigmatasama—Cali-
fornia (14%).

1944 | Virus isolation from | Virus isolation from |._______________________ VEE transmitted by
Culex restuans—Can- Aedes  dorsalis—Cali- Mansonia titillans
ada (281); from Der- fornia (149); from Der- (116). VEE in Trini-
manyssus gallinae— manyssus  gallinae— dad (215).

Texas (381). Missouri (367). Neurotropice virus in Co-
. lombia  mosquitoes
(328).
YR i e S I S Virus isolation from |._______________________ Japanese B transmitted
human  blood—Cali- by United States mos-
fornia. (51) quitoes (307).

1947 | Virus isolation from | _______________________ Epizootic in Texas and
Liponyssus  bursa— Louisiana  (360); in
Texas (382). Panama (380). Virus

isolation from chicken
mites and lice—Ten-
nessee (187). EEE in
Philippines (231).

1948 | Qutbreak in Garden | Virus isolation from | Virus isolation from

City, Xans. (79). Liponyssus sylvarium— Mansonia perturbans—
Virus isolation from California (162). Georgia (188).
Liponyssus sylvar- Epizootic in Dominician

um.) Republic (94).

1949 | Outbreak in North Da- | _______________________ Epizootic in Louisiana
l(mt;a. and Colorado and Arkansas (206).

79).

1950 | Virus isolation from |________________________ Virus  isolation  from
Dermanyssus ameri- Culiseta melanura—
canus — Colorado Louisiana (73). Virus
(254); from redwinged isolation from purple
blackbird - and mag- grackle — Louisiana
pie—Colorado (379). (207).

1951 | Outbreak ir North |________________________ Outbreak in pheasants—

- Dakota (424). Connecticut — Beadle,
. 1952. See footnote 6,
page 4.

1951 | First virus isolation |______________._________ First  virus isolation

from wild birds (207). from wild birds (207).

dead horses and injected into guinea pigs, failed
to produce viremia (100). EEE virus was not
isolated from Capillaria sp. of sick chickens
(39).

Transmission of neurotropic encephalitides
by means other than arthropod bite has at-
tracted little attention. Wood rats and cotton
rats are susceptible to subcutaneous injections
of WEE and EEE and to the contamination of
abraded skin (724). The feces of 7. sangui-

Public Health Monograph No. 23, 1954

suga, when injected into guinea pigs, produce in-
fections of WEE (724), and it is possible that
local contamination of the bite by reduviid feces
is the important factor here, as in Chagas’ dis-
ease. Horses have been infected with EEE by
lingual abrasions and injections (345). The
ability of mice to become infected with SLE by
eating an infected member of the colony has
been presented as an unusual mode of transmis-
sion among rodents (765), but the virus appar-
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ently is not passed from one mouse to another by
pure contact. Horses do not transmit WEE by
contacting presumably contaminated feeding
racks, food buckets, or other such objects (413).
However, in a single test, Remlinger and Bailly
(319) were able to transmit WEE (Argentine
strain) to a donkey, through virus-contami-
nated drinking water. The donkey became par-
alyzed. There seems to be no published
laboratory study on the use of atomized virus
suspensions: as a mode of infection via the re-
spiratory tiact nor on any method which simu-
lates the carrying of these viruses by dusts.

The role of winds in the spread of these dis-
eases has been pondered (95, 110, 116, 168, 297),
especially with respect to the St. Louis epidemic.
Windblown dust as a vector was viewed with
suspicion by Udall (409). Dust as a vector, in
addition to a known arthropod vector, has be-
come important in the laboratory transmission
of Venezuelan equine encephalomyelitis. It has
been proposed that careful study be made of
human laboratory infections started via the
respiratory intake of fine materials drifting up
out of the litter beds of infected animals (227).
Lymphocytic choriomeningitis, which can be
experimentally transmitted via arthropods (80,
258, 352), is also thought to be dustborne (30).

Concerning the transmission cycle of equine
encephalomyelitis, about which all epidemio-
logical factors and especially potential disease
control revolve, Hammon has described a strik-
ing series of cycles based on the gradual his-
torical development in these diseases (141),
starting with the simplest known cycle (horse-
to-mosquito) and ending with the horse and
man delimited from the main stream of events
and acting as fortuitous recipients of virus from
Aedes sp., with the horse also possibly being
affected by assassin bugs. Since 1948, concepts
on the infective chain of WEE have changed,
with aedines and reduviids assuming a less im-
portant status. In the main stream of events,
domestic and wild birds (756; see also 161 on
Japanese B virus in bird blood), especially
young birds, are thought to be important, with
these animals being parasitized by both virus-
laden C. tarsalis and mites (of which the latter
probably transmit virus transovarially). In
his paper (156), Hammon presents a clear-cut

statement- of the present status of the implica-
tions of arthropods as vectors. He has also
presented an intriguing stem-virus theory which
postulates the mutation of already existing
viruses (742).

There is interesting deduction in the unpub-
lished report of Lumsden (229) on the epi-
demiological factors of the St. Louis epidemic
of encephalitis. In this report, it was indicated
by a series of arguments that Culez sp. were the
most probable vectors of the disease since large
numbers of these mosquitoes were breeding in
the stagnant, polluted streams in particular
areas of the city with the greatest case incidence.
He commented : “The abundance of sewage-bred
mosquitoes (Culex pipiens and C. quinquefasci-
atus) appeared to be the only consistent factor
of difference between communities which were
heavily affected by the disease in this epidemic
and those that were not affected or only slightly
affected.” Lumsden noted that not a case of
SLE occurred among 4,000 inmates of a well-
screened institution who were not allowed the
privilege of a walk at dusk, but that cases did
occur in poorly screened infirmaries. The offi-
cial published report (Z8) on the epidemiology
of this same epidemic generally ruled out mos-
quitoes in preference to contact. transmission.

Immunity and Prevention

Immunity to viremia develops naturally, ap-
parently from infections of whatever degree.
In Japan most adults have endured mild infec-
tions of Japanese B encephalitis with resulting
immunity. Evidence of immunity to WEE,
EEE, and SLE, through the use of the comple-
ment-fixation technique (737) or the neutrali-
zation test, has been commonly shown in great
numbers of animals (table 1) and in man in
many parts of North America. Development
of artificial immunization of man is not prac-
ticed except in special circumstances (331, 333).
The papers of Howitt and Van Herick (176,
185, 186) on immunological aspects of these
viruses in horses are cited. Mice were partially
protected from the intracerebral inoculation of
WEE by the use of deep ether anesthesia fol-
lowing injection of virus, and central nervous
system symptoms were said to be delayed (386).
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Vaccines have been developed and used suc-
cessfully in equines in endemic agricultural
areas of the United States and Canada with few
deaths and very little hypersensitivity. Immu-
nity is said to last up to 13 months, but prob-
ably no longer (340), and vaccine should be
. given 1 month before the time for seasonal out-
breaks. The United States Army has consist-
ently used WEE and EEE vaccines on all
equines (200). Early in 1935, Traub and Ten-
Broeck (407) built up immunity in test horses,
apparently by massive doses of virus, to the
point where they resisted intracerebral inocu-
lations of virus. Specialists of the Bureau of
Animal Industry have assisted veterinarians in
the development and proper usage of these
vaccines (340).

Vaccines for general human use are practical
- and are used extensively. They have been pre-
pared as bivalent material for EEE and WEE
(37-38) and are available for VEE.

Admonitions with respect to prevention and
control of this group of diseases may be sum-
marized as follows: Except for vaccines,
farmers have been given no directions, in the
literature reviewed, in the management of the
equine disease except simple directions concern-
ing the isolation of infected animals and the
utility of insect control (5, 20, 113, 133, 203,
264,301,336). 'Treatment has been supportive,
based on symptomatic principles. Control of
warm-blooded hosts has, in general, been viewed
as impractical. Control of arthropod vectors

or suspected vectors forms the basis of the only
feasible preventive method (733). Recent
thinking on this subject is outlined by Reeves.’®
Control of the production of arthropod vectors
(especially mosquitoes) of encephalitis is grad-
ually assuming a more important role in public
health activities (4, 318), especially with re-
spect to the continued widespread use of irri-
gation water ** and other phases of water re-
sources development in the United States (78,
97, 239, 289, 304). A recent unusual form of
mosquito control in the endemic focus—Yakima
Valley of Washington—has been cited (3171)
and was based on the idea that very widespread
use of organic agricultural insecticides has
greatly reduced the general insect populations
in that area.® Since certain species of mosqui-
toes in the United States (A. dorsalis, Aedes
nigromaculis, Culex pipiens molestus, Culex
pipiens pipiens, C. quinquefasciatus, C. tarsalis,
Culiseta incidens, and Culiseta inornata) ap-
pear to be possible vectors of Japanese B en-
cephalitis, some concern has been expressed as
to the possible introduction of that dreaded
virus disease into the country (161, 307).

Reeves, W. C.: The encephalitis problem in the
United States. Am. J. Pub. Health 41: 678-686 (1951).

* Anonymous : Mosquito problems in irrigated areas
and their prevention. Atlanta, Ga., U. S. Communi-
cable Disease Center, 1951.

* Reeves, W. C.: Yakima, Washington, controls mos- -
quitoes and flies at no cost—why can’t we? Proc. and
Papers 18th annual meeting, California Mosquito Con-
trol Association, pp. 13-15, 1950.

Related Diseases

There are a number of related or similar dis-
eases which may be compared to the arthropod-
borne virus encephalitides under survey. The
viruses of vesicular stomatitis (87) and equine
encephalomyelitis may be related but are not
identical as ascertained by cross-immunity tests
(394). Forms of canine (120, 214), avian
(210), moose (205), and mouse (243, 401) en-
cephalitis occur. Mammals, birds, and arthro-
pods have been studied as possible hosts for the
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related disease, poliomyelitis (735). The syn-
drome of epidemic tremor in chickens definitely
is of an encephalitic nature (191, 410) ; more-
over, the pheasants from which EEE was iso-
lated (411) were thought to be ill with such a
disease, which is fairly widespread in the
United States. During the period from 1938
through 1946, there occurred 13 outbreaks in
New Jersey pheasants described as EEE (40).
There is a decidedly neurotropic form of Rift
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Valley fever (86,208). Inhorses, veterinarians
for some time have been concerned with the
proper etiology of moldy corn disease (343) and
forage poisoning, so often associated with
equine sleeping sickness (409). The “second
epizootic” of Cox and Philip (82) is cited as a

form of equine encephalomyelitis which oc-
curred in the Bitterroot Valley, Mont., epi-
demic. Marsh (236) also studied these horse
losses of unknown etiology following a program
of immunization. Shahan et al. (350) reviewed
these and other similar unexplained outbreaks.

Summary

This paper presents a review and selected
bibliography of the literature of the epidemic
encephalitides in the Americas, with reference
particularly to entomological aspects of these
diseases for the attention and general informa-

tion of investigators and gives certain tabular
summations on the arthropod-vector problem,
essentially encompassing historical develop-
ments in the first 20 years of the recognition of
these neurotropic diseases.

about 1930, through 1951.

Bibliographic Symbols

The bibliography which follows is organized so that by the
use of symbols W, S, E, V, or G following the citation,
references can be selected pertaining to certain of these diseases.
The symbol “W?” means western, “E,” eastern, and “V,” Vene-
zuelan equine encephalomyelitis; “S,” St. Louis encephalitis.
Symbol G means that more than one of the three viruses (W, S,
or E) are mentioned or that generalized statements are made.
The abbreviations in the references follow the form used by the
Quarterly Cumulative Index Medicus. Every reference has
been utilized one or more times in the text or in the tables. A
few references (selected after the closing date of the manu-
script) are.appended as footnotes to the text.
essentially covers the period from the early work of Meyer,

The literature
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